Introduction
After the recent papers on oospore germination in Albugo candida (Pers. ex Lev.) Kuntze ( A . cruciferarum S. F . Gray) (5, 8) , it appears probable that zoospores produced from germinating oospores constitute the primary inoculum for infection of Brassica spp. in western Canada. The most likely primary infection site would be the emerging cotyledon. Successful cotyledonary infection is probably critical for the production of secondary inoculum in the form of zoospo-'Contribution No. 585 Agriculture Canada Research Station, Saskatoon, Saskatchewan S7N 0x2. rangia and perhaps in initiating systemic infections that ultimately reach the inflorescence where most oospores are produced (9) . The production of large masses of zoosporangia on cotyledons seems to require the establishment of a large mycelial "base" inside host tissue, and in this host-parasite combination such a base apparently develops with a minimum disturbance to the host's synthetic capabilities (4) . The amount of mycelial growth tolerated by the host is perhaps not generally appreciated, and this paper presents details of the amount and type of mycelial growth produced by A. candida in cotyledons of several Brassica species.
Materials and Methods
Plants of Brassica campesfris L. cv. Span, B. napus L. cv. Zephyr, and B. hirra Moench were grown in Cornell soilless mix as modified by W. L. Leonard of this station (7) . Plants were maintained under 18 h illumination (1600ft-c) at 21°C with a night temperature of 16°C. Plants of B. juncea L. cv. Southern Giant Curled were grown in silica sand irrigated with nutrient solution as previously described (4) . Apical meristems were removed with fine forceps. Ten days after seeding, cotyledons were drop-inoculated with zoospore or oospore-zoospore suspensions of A. candida. Brassica, juncea cotyledons were inoculated with zoospore suspensions derived from zoosporangia of A. candida race 2 (3, 6) . Cotyledons of B. campestris, B. napus, and B. hirra were inoculated with oospore-zoospore suspensions of A. candida race 7 (proposed by P. H. W.) that had been washed in sterile tap water. Washing was done either on a sintered glass filter for 10 days o r on a rotary shaker for 5 days (8) .
T o check on contamination by airborne zoosporangia, control plants were drop-inoculated with sterile tap water. After inoculation plants of B. juncea were left overnight in a dew chamber and were then returned to the growth chamber; plants of the other species were left in a mist chamber for 3-4 days after inoculation before they were returned to the growth chamber.
At different times after inoculation whole cotyledons were fixed in 95% ethanol-acetic acid (1 :I), cleared in 70% lactic acid at 40°C for 2-4 days, and stained with aniline blue in lactophenol. Improved differentiation was obtained by adding a few drops of a weak IKI solution. The preparations were examined for infection, hyphal ingress, and progress using the compound microscope. Depth of hyphal penetration was measured by noting the difference between the level of the penetration peg and the deepest part of the advancing mycelium. "Green islands" were induced on B. jlmcea cotyledons by detaching them 4 days after inoculation and keeping them on moist filter paper in the dark. A random sample of 500 cells in "green island" tissue was scanned for the presence of haustoria of A . candida.
Results
Generally, the sequence of events from zoospore encystment to formation of the first haustorium was the same in all hosts, although under field conditions, B. hirta is moderately resistant and B. napus is essentially "immune." In B. juncea the first haustorium was usually observed 16-18 h after inoculation ( Fig. 1 ) while in B. campestris and B. hirta the first haustorium was observed about 48 h after inoculation (Fig. 2) .
Haustoria were small and capitate; heads were usually spherical averaging 4 microns (p) in diameter and were connected to hyphae by slender stalks about 2 p in length (Fig. 3) . Haustoria usually originated near the tip of a young hypha, which then continued its growth, leaving the haustorium as a side branch. After the formation of the first haustorium in the susceptible host-parasite combination hyphal growth rate increased rapidly. Hyphae appeared to grow around palisade mesophyll cells as a downward spiral penetrating individual cells with a variable number of haustoria (Fig. 4) . In "green island" tissue on detached B. juncea cotyledons up to 14 haustoria per cell were observed (Fig. 13) . In B. iuncea most of the intercellular maces appeared to be occupied by mycelium within 3 days of inoculation. In B. campestris and B. hirta the process was much slower. After 2 days the average depth of penetration was about 25 p, increasing to about 50 p 1 day later and to 80 p by 4 days after inoculation (Table 1 ). In the resistant B. napus maximum penetration occurred at 48-64 h after inoculation and the rate of penetration was less than in B. campestris and B. hirta (Table I ). In B. napus usually only one haustorium was formed, after which hyphae ceased to elongate. At about 72 h after inoculation a fairly thick, densely staining encapsulation was usually detectable around each haustorium in this host (Figs. 5, 6 ) and later only "ghost" outlines of hyphae and haustoria were observed. ~n c a~s u l a t i o n s were rarely observed around haustoria in cells of susceptible hosts (Fig. 7) .
There appeared to be a greater degree of branching of hyphae in B. campestris and B. hirta than in B. juncea. The first sign of branching was observed in material collected 64 h after inoculation (Fig. 8) . Branches usually originated near the tip of the young growing hypha. Eventually the profusely branched coenocytic mycelium appeared to fill all the available intercellular sDaces. The volume of the maces appeared to determine the dimensions assumed by individual hyphae (Fig. 9) . At about 4 days after inoculation the first signs of a developing pustule were apparent in B. juncea, whereas this occurred some 3 days later in B. campestris and B. hirta. At this stage the host cells still retained their shape and spatial relationships in spite of the massive amount of fungal thallus present (Fig. 10) . The club-shaped sporangiophores appeared to develop from a dense layer of mycelium which showed a characteristic branching pattern rarely observed in earlier stages of vegetative mycelial growth (Figs. 11, 12 ).
Discussion
From our observations it seems probable that zoospores derived from germinating oospores constitute the primary inoculum for infection of cotyledons of susceptible Brassica species. No evidence was seen of infection directly by the germ tubes recently described (5, 8) . Comparisons between rates of development of A. candida originating from zoosporangia and oospores should be deemphasized as different races were used and environmental conditions differed considerably. However, it appears that a similar sequence of events in fungal development occurs in both cases.
The establishment and maintenance of a compatible relationship between A. candida and its host seems to hinge on the successful formation of the first haustorium. The similar sequence of events in both susceptible and resistant hosts up to this point suggests that "resistance" comes into effect only after contact has been established between the hyphal tip and a host mesophyll cell. Up to this point there appears to be no morphological barrier to zoospore encystment and subsequent penetration through stomata. In the incompatible combination it is not clear whether the parasite fails to produce a functional haustorium or whether a viable haustorium is formed within the host cell and is subsequently killed by the host's defence mechanism. The fairly dense, thick layer of encapsulating material frequently observed around haustoria in resistant host tissue suggests that the latter may be the case. In any event, it does seem that the decision between compatibility and incompatibility is made within 48 h after inoculation; perhaps within 18 h where development of the fungus is more rapid. However, a typical hypersensitive reaction, similar to that observed in Raphanus sativus (9) was not observed on the resistant B. napus cultivar.
An encapsulation similar to that observed by Berlin and Bowen in R. sativus (1) (sheath sensu Fraymouth (2) ) was observed only infrequently around haustoria in susceptible host-parasite combinations. The limitations of the technique do not allow conclusions as to whether such encapsulations are a feature of actively metabolizing haustoria or whether they are associated with haustoria which are already senescing.
Studies using whole mounts can provide a rapid and useful quantitative means of measuring fungal development and can be useful in screening for disease resistance or testing the effects of environmental changes or fungicide treatments. Whole mounts may also provide a useful perspective for ultrastructural studies where the total amount of fungal thallus present in a susceptible host is not always appreciated. Certainly, the massive amount of intercellular mycelium, particularly the much-branched sporangiophore "base," which the host is capable of supporting while still actively photosynthesizing (4), emphasizes the highly integrated and delicate control occurring in the type of parasitism that has evolved in A. candida.
FIGS. 1-12. Development of Albugo candida in the cotyledons of several Brassica spp. with increasing time after inoculation. Fig. 1 . Brassica juncea 18 h after inoculation. x 1000. Note penetration of stomata by germ tube and formation of first haustorium (arrowed). Fig. 2 . Brassica campestris 48 h. x 530. Haustorium arrowed. Fig. 3 . Brassicajuncea 46 h. x 770. Haustoria arrowed. Fig. 4 . Brassica carnpestris 9 days. x 640. Note several haustoria in one cell. Fig. 5 . Brassica naprrs 4-5 days. x 530. Encapsulation arrowed. Fig. 6 . Brassica napus 4-5 days. x 820. Encapsulation arrowed. Fig. 7 . Brassica campestris 9 days. x 640. Note encapsulation around one haustorium (arrowed). Fig. 8 . Brassica campestris 3 days. x 650. Note typical branching of coenocytic mycelium. Fig. 9 . Brassica campestris 6 days. x 300. Note varying thickness of individual hyphae. Fig. 10 . Brassica hirta 9 days. x 130. Note massive amount of intercellular fungal thallus and production of zoosporangia from club-shaped sporangiophores. Fig. I I. Brassica campestris 9 days. x 800. Note characteristically branched mycelium from which sporangiophores develop. Fig. 12 . Brassica cumpestris 9 days. x 900. Note club-shaped sporangiophores and production of chains of zoosporangia. 
